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Description 

Background of the Invention 
5 (a) Technical Field of Invention 

10 (b) Background of the Art 
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Summary of the Invention 

Accordingly, the present invention provides an inkable sheet comprising a substrate having on a surface 
thereof an ink-absorbent resin layer wherein the surface of the absorbent layer remote from the substrate is 
s such that an aqueous - ethylene glycol - n-methyl-2-pyrrolidone (75:20:5 by weight) droplet deposited thereon 
exhibits an internal contact angle of at least 120°. 

The invention also provides a method of preparing an inkable sheet comprising providing on a surface of 
a substrate an ink-absorbent resin layer and applying a modifying medium to the ink-absorbent layer to yield 
an ink-absorbent layer having a surface such that an aqueous - ethylene glycoln-methyl-2-pyrrolidone (75:25:5 
10 by weight) droplet deposited thereon exhibits an internal contact angle of at least 120°. 

Detailed Description and Preferred Embodiments of the Invention 

Contact angles referred to herein are average values measured in accordance with ASTM-D 724-45, save 
is that the supply needle is positioned 1 mm from the sheet surface, and the maximum angle is observed when 
the test fluid is pumped at a rate of 3.6 uJitres seer 1 . 

To absorb and retain an aqueous-based ink, the ink-absorbent layer of a sheet according to the invention 
is of an essentially hydrophilic nature exhibiting a marked affinity for an aqueous ink. Such layers are known 
in the art, as hereinafter described, and generally are such that an aqueousethyiene glycol - n-methyl-2-pyr- 
20 rolidone (75:25:5 by weight) droplet deposited on the absorbent surface exhibits an advancing internal contact 
. angle not exceeding about 100°, and is absorbed relatively rapidly into the matrix structure of the absorbent 
layer. 

By treating the surface of the absorbent layer with a modifying medium whereby the aforementioned con- 
tact angle is increased to at least 120° relative to the absorbent surface, it has proved possible to reduce the 

25 kinetic wetting tendency of the applied aqueous ink medium, thereby limiting the initial spread of individual 
applied droplets on the absorbent surface and reducing uncontrolled redistribution of droplets under the in- 
fluence of surface tension, while retaining the rapid absorption characteristics of the absorbent matrix. Inter- 
facial viscosity, involving a viscous interaction between the modified surface and a droplet applied thereto, is 
believed to contribute to the improved performance. 

30 The maximum theoretical internal contact angle is 180°, although an inkable sheet according to the in- 
vention is unlikely to exhibit a value exceeding 1 75°. An acceptable sheet therefore exhibits an internal contact 
angle of from 1 20 to 1 75°, preferably from 1 30 to 1 75°, and particularly from 1 35 to 1 75°. 

A range of modifiers may be employed in the formulation of a modifying medium for treatment of an ink- 
absorbent layer in accordance with the invention. These modifiers are suitably of a hydrophilic nature and cbn- 

35 veniently comprise materials which are solid at ambient temperature (« 23°C). A polymeric modifier is partic- 
ularly suitable, a preferred polymeric modifier exhibiting a low molecular weight less than that of the principal 
, polymeric component of the ink-absorbent layer. A preferred, low molecular weight, non-hydrophobic, polymer- 
ic modifier exhibits a molecular weight (number average) not exceeding 100,000, preferably from 5,000 to 
100,000, particularly from 7,500 to 50,000, and especially from 9,000 to 15,000. 

40 A blend of two or more modifiers may be employed, a preferred blend comprising a vinyl pyrrolidone poly- 

mer and an ethylene oxide polymer, the respective molecular weights (number average) thereof conveniently 
being in a ratio exceeding 1:1. For example, the respective molecular weights (number average) of the vinyl 
pyrrolidone polymer and the ethylene oxide polymer are conveniently within the ranges of from 7,000 to 15,000 
and from 6,000 to 9,500. 

45 In a modifying medium comprising a blend of modifiers, the respective concentrations of the modifier com- 

ponents may vary over a wide range, but it is generally preferred that the modifier of highest molecular weight 
should be the principal component of the blend. For example, in a blend comprising two polymeric modifiers, 
such as a polyvinylpyrrolidone and a polyethylene oxide, that of higher molecular weight is generally present 
in a percentage concentration by weight of from 55 to 95, preferably from 70 to 90, especially 80, the corre- 

so sponding percentage concentration of the modifier of lower molecular weight being from 45 to 5, preferably 
30 to 10, and especially 20. 

The modifying medium is conveniently applied to the ink-absorbent layer by a conventional coating tech- 
nique - for example by deposition from a solution or dispersion of the modifiers) in a volatile carrier medium, 
, such as an aqueous and/or organic solvent medium. Methanol and ethanol are suitable organic solvents. 

55 Observations indicate that application of an essentially hydrophilic modifying medium may generate a 

zone of reduced apparent hydrophilicity, relative to the bulk of the ink-absorbent matrix and at the exposed 
surface thereof While residual modifying medium may adhere to the external surface of the absorbent layer 
as a discrete layer of reduced apparent hydrophilicity (and of thickness not exceeding 1.0 u.m, preferably less 
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cryiic polymer, as described in EP-A-0233703. A particularly suitable acrylic or methacrytic polymer for use 
in conjunction with a vinyl pyrrolidone polymer, has an acid number (mg KOH per g) not exceeding 150, and 
preferably of from 20 to 1 20, for example - a copolymer of methacrylic acid and methyl methacrylate with an 
acid number (mg KOH perg) of from about 60 to 100, particularly about 80. The relative proportions of the 
5 respective components in such an ink-absorbent layer may be varied within wide limits, although it is preferred 
that the vinyl pyrrolidone polymer comprises the major polymeric component, preferably from at least 50 to 
852, and especially from 60 to 75% by weight of the resin layer. A particularly preferred ink-absorbent layer 
comprises (a) a vinyl pyrrolidone polymer, and (b) an acrylic or methacrytic polymer in a weight ratio of about 
7:3. 

10 If desired, the ink-absorbent resin may comprise a plasticiser, that is any additive which may be incorpo- 

rated into a polymeric material to improve its softness, processability and flexibility. They are well known per 
se in the plastics art, particularly for modifying the characteristics of polyvinyl chloride, and are usually organic 
materials in the form of moderately high molecular weight liquids or low melting solids. Most commonly they 
comprise esters of carboxylic acids or phosphoric acid, although hydrocarbons, halogenated hydrocarbons, 

15 ethers, glycols, polyglycols and hydrogenated or epoxydised drying oils (eg soya bean oil) may also be em- 
ployed, as described in EP-A-0232040. 

To improve the ageing behaviour of the ink-absorbent resin layer and promote absorption and drying of 
a subsequently applied ink, a surfactant may, if desired, be incorporated into the resin layer. Suitable surfac- 
tants include a non-ionic, f luorocarbon surfactant or a cationic surfactant , such as a quaternary ammonium 

20 salt Additionally a humectant, such as glycerol, may be employed. 

, If desired, the ink-absorbent layer may additionally comprise a particulate filler to improve the handling 
characteristics of the sheet. Suitable fillers include oxides of metals or metalloids, such as silica, desirably of 
a particle size not exceeding 20, and preferably less than 12, for example 8 urn. The amount of filler employed 
will be dictated by the desired characteristics of the sheet but will generally be low to ensure that the optical 

25 characteristics (such as haze) of the sheet remain unimpaired. Typical filler loadings are of the order of less 
than 2.0, and preferably from 0.5 to 1 .0% by weight of the resin component(s). 

The ink-absorbent layer is conveniently applied to the substrate by a conventional coating technique - for 
example, by deposition from a solution or dispersion of the resin(s) in a volatile medium, such as an aqueous 
or organic solvent medium. 

30 Drying of the applied ink-absorbent resin layer may be effected by conventional drying techniques - for 

example, by suspending the coated substrate in a hot air oven maintained at an appropriate temperature. A 
drying temperature of about 120°C is usually suitable for a polyester substrate. 

The thickness of the dry ink-absorbent resin layer may vary over a wide range, but is conveniently within 
a range of from 2 to 25, and preferably from 5 to 20, for example 15 urn. 

35 A substrate for use in the production of an inkable sheet according to the present invention suitably com- 

prises any polymeric material capable of forming a self-supporting opaque, or preferably transparent, film or 
"sheet. 

By a "self-supporting film or sheet" is meant a film or sheet capable of independent existence in the ab- 
sence of a supporting base. 

40 Suitable thermoplastics materials for use in the production of a substrate include a cellulose ester, eg cel- 
lulose acetate, polystyrene, a polymer and copolymer of vinyl chloride, polysulphone, a homopolymer or co- 
polymer of a 1-olefine, such as ethylene, propylene and but-1-ene, a polyamide, a polycarbonate, and, par- 
ticularly, a synthetic linear polyester which may be obtained by condensing one or more dicarboxylic acids or 
their lower aikyl (up to 6 carbon atoms) diesters, eg terephthalic acid, isophthalic acid, phthalic acid, 2,5- 2,6- 
45 or 2,7-naphthalenedicarboxylic acid, succinic acid, sebacic acid, adipic acid, azelaic acid, 4,4'-diphenyldicar- 
boxyiic acid, hexahydrotere phthalic acid or 1,2-bis-p-carboxyphenoxyethane (optionally with a monocarbox- 
ylic acid, such as pivalic acid) with one or more glycols, particularly an aliphatic glycol, eg ethylene glycol, 
1 ,3-propanediol, 1,4-butanediol, neopentyl glycol and 1,4-cyclohexanedi methanol. A polyethylene terephtha- 
late film is particularly preferred, especially such a film which has been biaxially oriented by sequential stretch- 
so ing in two mutually perpendicular directions, typically at a temperature in the range 70 to 125°, and preferably 
heat set, typically at a temperature in the range 150 to 250°, for example as described in GB-A-838708. 

The substrate may also comprise a polyarylether or thio analogue thereof, particularly a polyarylether- 
ketone, polyarylethersulphone, polyaryletheretherketone, polyaryletherethersulphone, or a copolymer or 
thioanalogue thereof. Examples of these polymers are disclosed in EP-A-1879, EP-A-184458 and US-A- 
55 4008203, particularly suitable materials being those sold by ICI PLC under the Registered Trade Mark STA- 
BAR. Blends of these polymers may also be employed. 

Suitable thermoset resin substrate materials include addition polymerisation resins - such as acrylics, vi- 
nyls, bis-maleimides and unsaturated polyesters, formaldehyde condensate resins - such as condensates with 
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Polyvinylpyrrolidone, PVP-K90 (molecular weight; 360,000) 69.00 wtZ 

Hydroxylated, carboxylated acrylic, DP6-2976 , 29.57 wtZ 
(molecular weight; 60,000) 

Melamine formaldehyde, Cymel 300 0.99 wtZ 

Para toluene sulphonic acid 0.05 wtZ 

Silica, Gasil EBC (average particle size of 6 |ud) 0.39 wtZ 

and the coated substrate was dried at a temperature of 120°C to yield an ink-absorbent resin layer of approx- 
imately 13 urn thickness. (PVP-K90 is supplied by GAF(GB) Ltd.). 

The ink-absorbent layer was then treated with a modifying mediun comprising a 2 wt% dispersion of the 
following materials in methanol:- 



Polyvinylpyrrolidone, PVP-K15 (molecular weight ; 10, 000) 80.0 wtZ 

Polyethylene oxide, Pluriol 9000 (molecular weight; 9, 000) 20.0 wtZ 

20 . 

and the coated sheet was dried at a temperature of 1 20°C to yield a microporous surface zone of approximately 
0.4 \xxr\ thickness (PVP-K15 is supplied by GAF(UK) Ltd.). 

The advancing internal contact angle of an aqueous - ethylene glycol -n-methyl-2-pyrrolidone (75:20:5 by 
25 weight) droplet on the modified surface zone was determined by the hereinbefore described technique to be 
140°. 

Characters printed onto the modified surface of the absorbent layer using a high loading of Canon FP510 
printer ink was smudge resistant within seconds of printing. Resolution of the characters was excellent. 

30 Example 2 

This is a comparative Example not according to the invention. The procedure of Example 1 was repeated 
except that the modifying treatment was omitted. 

The advancing internal contact angle of an aqueous - ethylene glycol -n-methyl-2-pyrrolidone (75:20:5 by 
35 . weight) droplet on the ink-absorbent layer, determined as in Example 1, was observed to be 115°. 

Characters printed onto the ink-absorbent layer of the sheet, using a high loading of Canon FP510 printer 
ink had a poor resolution due to coalescing of the individually printed ink droplets. 



40 Claims 



1 . An inkable sheet comprising a substrate having on a surface thereof an ink-absorbent resin layer, character- 
ised in that the surface of the absorbent layer remote from the substrate is such that an aqueous - ethylene 
glycol -n-methyl-2-pyrrolidone (75:20:5 by weight) droplet deposited thereon exhibits an internal contact 

45 angle of at least 1 20°. 

2. An inkable sheet according to daim 1 wherein the surface of the ink-absorbent layer remote from the 
substrate exhibits a zone of apparent hydrophilicity less than that of the absorbent layer per se. 

50 3. An inkable sheet according to claim 2 wherein the zone of apparent hydrophilicity comprises a polymeric 
modifier. 

4. An inkable sheet according to any one of the previous claims wherein said remote surface comprises an 
array of micropores. 

55 5. An inkable sheet according to claim 4 wherein the average diameter of the micropores is from 0.05 to 0.5 
urn. 
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rolidon-Trdpfchen (75:20:5 Gewichtsteile) einen inneren Kontaktwinkel von mindestens 120° aufweist 
Revendications 

5 

1. Support encrable comprenant un substrat dont une surface porte une couche de resine absorbant I'encre, 
caract&rise en ce que la surface de la couche absorbante eloignee du substrat est telle qu'une goutte 
d'eau/ethylene glycol/N- met hyl-2-pyrrolidone (75:20:5 en polds) deposee dessus presente un angle de 
contact interne d'au moins 1 20°. 

10 

2. Support encrable suivant la revendlcatlon 1, dans lequel la surface de la couche absorbant I'encre eloi- 
gnee du substrat presente une zone d'hydrophilicite apparente inferieure & celle de la couche absorbante 
per se. 

15 3. Support encrable suivant la revendication 2, dans lequel la zone d'hydrophilicite apparente comprend un 
agent modif icateur polymfere. 

4. Support encrable suivant Tune quelconque des revendications precGdentes, dans lequel cette surface 
eloign6e comprend un reseau de micropores. 

20 5. Support encrable suivant la revendication 4, dans lequel le diam&tre moyen des micropores est compris 
entre 0,05 et 0,5 urn . 

6. Support encrable suivant Tune quelconque des revendications 4 ou 5, dans lequel les micropores occu- 
pent de 5 & 30% de la surface de cette surface 6loign6e. 

25 

7. Support encrable suivant la revendication 2, dans lequel cette zone comprend une couche discrete sur 
la surface de la couche absorbante. 

8. Support encrable suivant Tune quelconque des revendications 3 & 7, dans lequel I'agent modif icateur po- 
30 lym&re comprend un premier polymfcre de vinyl pyrrolidone. 

9. Support encrable suivant la revendication 8, dans lequel la couche absorbant I'encre comprend un second 
polymere de vinyl pyrrolidone dont le poids moleculaire est superieur d celui du premier. 

10. Support encrable suivant Tune quelconque des revendications pr£cedentes, dans lequel la couche ab- 
sorbant I'encre comprend un copolymere d'acide acrylique ou d'acide m6thacrylique. 

11. Precede pour preparer un support encrable comprenant la fourniture d'une couche de resine absorbant 
I'encre sur une surface d'un substrat, caracteris£ par I'application d'un milieu modif iant sur la couche ab- 
sorbant I'encre de facon d fournir une couche absorbant I'encre ayant une surface telle qu'une goutte 

40 d'eau/ethylene glycol/N-m6thyl-2-pyrrolidone (75:20:5 en poids) depos£e dessus presente un angle de 

contact interne d'au moins 120°. 
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